ABSTRACT
economic traits, such as five QTL peaks for oyster weight on four chromosomes 
115
To make full use of interspecies variations, a number of hybrid families of 116 C. gigas and C. angulata were constructed to dissect the genetic basis for the 117 economical traits and to accelerate molecular breeding. In the present study, 118 one hybrid family was used to screen the GBS-based SNPs. A high-density 119 genetic map containing a number of GBS-based SNPs was constructed, QTLs 120 associated with growth-related traits were detected, and candidate genes for 121 growth-related traits were identified using the oyster reference genome (Zhang 122 et al. 2012) . Considering the high similarity of genic regions of C. gigas and C. 123 angulata, we intend to detect QTLs and candidate genes that have high chance 124 7 to be used in both of these two subspecies. These data will help to promote 125 genetic dissection of important economic traits and subsequent MAS for oysters.
126

MATERIALS AND METHODS
127
Ethics statement 128 There are no specific permissions required to conduct experiments with Pacific 129 oyster in China. All oysters used in this study were cultured in a fishery farm 130 and cannot cause environmental harm.
131
Mapping family and measurement of growth-related traits 132 The mapping family was constructed in a hatchery in Laoshan, Qingdao, China 
Genotyping-by-sequencing
153
DNA was extracted from the parent oysters using the standard 154 phenol/chloroform extraction method (Michael and Joseph 2012) . Following 155 extraction, the DNA was examined by electrophoresis to confirm its integrity.
156
The DNA concentration was quantified using Qubit 2.0 (Thermo Fisher report a stack was set as 3. The map type was set as "CP". The output file type 198 of genotypes was set as "joinmap". Custom Perl scripts were used to filter 199 output.
200
Linkage map construction
201
The whole RAD locus was used as a single marker in the map construction. 
QTL detection
238
Prior to QTL mapping, growth traits were tested to determine whether they were Table S1 contains values of five 262 growth-related traits and gender for every progeny of the mapping family. Table   263 S2 contains an analysis of correlations between the five growth-related traits in 264 the mapping family. Table S3 contains Table S4 contains a summary of SNPs identified in the mapping family.
267 Table S5 contains the genotypes of the 1695 markers mapped. Table S6 268 contains the sequences of the mapped markers. Table S7 contains the markers   269 and their positions on each of the 10 linkage groups on the sex-average map. 
270
277
RESULTS
278
Phenotyping of growth-related traits 279 Shell height ranged from 3.7 cm to 9.9 cm, with an average of 7.6 cm ( Table   280   S1 ). Shell length ranged from 2.6 cm to 5.8 cm, with an average of 4.5 cm. Shell Values for shell length, shell width, mass weight, and soft tissue weight followed In total, the Stacks software generated 65,031 RAD loci in the mapping Table 1, Table S5, Table S6, Table   349 S7); the other 7,049 RAD loci could not be mapped. A total of 3,367 SNPs were Initial sex-specific maps were constructed using the original markers, which (Table S8) LG ranged from 45.6 cM (LG M4) to 101.6 cM (LG M1), with an average genetic 394 length of 74.5 cM.
395
We observed an overall female-to-male recombination ratio of 1.39:1 (Table   396 1). The largest recombination ratio between sexes was found for linkage group 397 4, with a female:male ratio of 2.40:1, and the smallest recombination ratio 398 between sexes was found for linkage group 9, with a female:male ratio of 1.07:1.
399
Localized differences in recombination rates between the sexes were observed.
400
High recombination rates were found near the centromeric region on LG F1, F2, 
414
QTL mapping analysis of growth-related traits
415
A total of 27 QTLs were identified, including seven for shell height, three for 416 shell length, 10 for shell width, one for mass weight, and six for soft tissue 417 weight (Table 2 ). These 27 QTLs were distributed across eight linkage groups LG A8. The phenotypic variance explained by these QTLs ranged from 4.2% to Table S11 , 38 annotated genes were identified in the this study, the overall female-to-male recombination ratio was 1.39:1, which 551 was in accordance with that in previous studies. In addition to the overall 552 27 recombination rate difference between the sexes, localized differences in 553 recombination rates were also observed: high recombination rates were found 554 near the centromeric region on the female map, and high recombination rates 555 were found near the telomeric region on the male map. In other aquatic animals, 556 such as rainbow trout (Sakamoto et al. 2000) , zebrafish (Singer et al. 2002) , 557 and Pinctada maxima (Jones et al. 2013 ), a similar pattern was also observed.
558
The mechanism of overall and localized recombination rate differences remains Hedgecock et al. (2015) reported that the effect of distorted markers on map 593 construction is not universal and is likely to vary within and among linkage maps.
594
Considering that distorted markers can be potentially helpful in the detection of components, each of which explained 0.6%, 7.5%, and 13.8% of the phenotypic 613 variance based on a genetic map constructed using SSR and AFLP markers,
614
and no linked candidate genes were identified . In the present 615 study, the phenotypic variances explained by these QTLs were relatively low In the present study, within the QTL regions, 38 genes were identified, and 624 two were previously reported to be associated with growth. The glycogen 952 Table S1 . Five growth-related traits and gender for every progeny of the hybridized family of
953
Crassostrea gigas and C. angulata. Table S2 . Correlations between the five growth-related traits in a hybridized family of
954
955
Crassostrea gigas and C. angulata. 964 Table S7 . Markers and their positions on the 10 linkage groups of the sex-average map 965 constructed using a hybridized family of Crassostrea gigas and C. angulata.
956
966 Table S8 . The comparison of genetic distances and expected recombination counts before and 967 after the imputation for the sex-specific maps, by linkage group.
968 Table S9 . Length and number of markers for the sex-specific maps, by linkage group, and their
969
correspondence to the linkage groups of the sex-average map.
970 Table S10 . Proportion of distorted markers for each linkage group of the sex-average map of a
971
hybridized family of Crassostrea gigas and C. angulata.
972 Table S11 . Annotated growth-related genes determined by QTL analysis of oysters.
